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Like the Internet after 1994, the personal computer or PC started a new era in the evolution of information technology (IT). In 1981, prompted by the success of the Apple II, IBM introduced its PC and marketed it to the business world as a machine with a "killer application," the Lotus 1-2-3 spreadsheet. The PC's birth pangs rattled the geography of the U.S. computer industry. To speed product development, IBM had out-sourced the microprocessor and operating system. That new policy both recognized and accelerated the realignment of the industry away from the Northeast.
Today, in the resurgent American IT sector of the late 1990s, the new dominant firms are headquartered in the West. The result might be described as "The Westward Rebirth of American
Computing." (R.D. Norton, 1996.) In an earlier paper by that name, I made the case that the regional realignment was a key step toward restoring the U.S. lead in the information-technology race with Japan, because IBM and Digital Equipment Corporation (DEC) had bogged down in the bureaucratic inertia characteristic of large, mature firms. New entrepreneurs had to enter the arena, and their innovations could blossom best in the more open and fluid economic cultures of the West. This paper updates the story by examining where the world's leading IT firms were headquartered in 1997, and why. Our method is to structure the weltering crosscurrents of theory and evidence via five questions and to propose five tentative answers.
The key issue is, "…and Why?" This, it turns out, is actually three distinct questions. The lead states in the new IT geography--California, Texas, and Washington--hold strikingly different roles in the spatial division of labor. In a nutshell, the Texans embody the efficiency and marketing skills that IBM and Route 128 once claimed. For its part, Silicon Valley is widely recognized as the world's most creative regional network for new activities--including Internet-related activities. Yet it is Seattle, not the Valley, that has become the current command center for the world's IT activities. Bill Gates, a classic robber-baron visionary, may have had as much to do with the westward realignment and the American resurgence as Silicon Valley's clustered fountain of youth.
WHERE WERE THE 100 "MOST INFLUENTIAL" I.T. FIRMS IN 1997?
TABLE 1 shows the July 1997 PC Magazine list of the world's 100 "most influential" I.T.
firms. The criteria for the list are subjective. As the compiler puts it, "Our effort to create this…list started (rather than ended) with a mere enumeration of the sales leaders. …we expanded our search to target not just the richest or best-known companies but the most influential. …And judging from our own debate, the relative rankings of the group as a whole will be more than a little controversial." (Jake Kirchner, 1997, p. 214.) Several obvious caveats are in order here. First, the list attempts to answer the question, "Which companies are the true leaders in personal computing?" (P. 213.) Hence the perspective is from the PC industry, not from that of mainframes or (whatever is left of) minicomputers. Still, and as will be suggested shortly, PC's now set the agenda for all of I.T. Second, this is an American list;
to that extent it is subject to the usual notorious cultural myopia of the U.S.A. Third, the lack of a single, objective criterion (like the ones used in the traditional Fortune 500 list, for example)
renders the exercise open to dispute, as the editors suggest.
These objections appear slight. Our concern is not whether the listing of Microsoft first,
Intel as second, and IBM as third is precisely the right ordering. Further, perhaps a key firm or two at some functional distance from the PC industry, or in another country, has been mistakenly left off the list. Such nuances will not matter much here. The method to be employed below is simply to count regional (and national) locations, among the putative top 100. Any other list of the top 100 I.T. firms would probably show quite a similar histogram across regions and nations.
This method does have its own specific bias or distortion, however. That is to give as much weight in a state's profile to a virtual unknown like Massachusetts' little Firefly Network Inc.
(number 100 in the list, and since taken over by Microsoft) as to, say, IBM. One cannot necessarily judge a particular state's importance in the I.T. picture by the number of top-100 firms that call it home. Texas and Washington are cases in point--I.T. giants with few (or only one!) top-100 firms.
THE LOCATIONS OF THE TOP 100
That said, a few basic observations can be made about TABLES 1 and 2. Our aim at this stage is only to lay out the landscape, not to explain the patterns.
(1) Most (80) Similarly, the pace-setter for the world's software is Seattle, where Bill Gates and Paul Allen chose to return home, where they would court and eventually trade places with IBM.
HOW DID THE PC RE-DRAW THE TECHNOLOGY MAP?
Most of today's top 100 I.T. firms are headquartered in the American West because the entrepreneurial energy driving the PC revolution originated there. That is the premise we are exploring. To illustrate this idea, FIGURE 1 links regional roles to the evolution of computing.
The industry stages were suggested by researchers at Morgan Stanley, an investment bank.
(Meeker and DePuy, 1996.) As it happens, Commerce Department data on I.T.'s share of corporate investment in business equipment tend to support the stages approach. The data show the I.T.
expenditure share jumping first with the advent of personal computers and then after 1994 with the fruition of the Internet. (FIGURE 2.)
In FIGURE 1, then, I assign characteristic home-regions to the mainframe, mini, and PC eras. These are New York State for mainframes, Route 128 for minicomputers, and the West
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The West ? Norton, 1998.) Since 1994, of course, the Internet has sparked a new outburst of entrepreneurial energy. To help place the transition from the PC era to the Internet era in perspective, we can consider the ways in which the PC ushered in the Information Age.
HOW THE PC UNIFIED HIGH TECH
Before 1981 there were three major technology industries: mainframe computers, electronic components, and medical instruments. The market for computers per se had only two components.
Fortune 500 companies used big computers to compile data-bases for customer billing and employee records. The federal government (where the Defense Department and NASA relied on mainframes and supercomputers for military and space programs and the Census Bureau kept counting) was the other.
The IBM PC broadened the market from corporations and the federal government to include all manner of activities. The definition of I.T. changed accordingly:
Today, due in large part to that one significant product introduction in 1981, virtually every person, company, and government is a customer for technology products.
The definition of technology industries has expanded from large computers to include personal computers, software, semiconductors, semiconductor equipment, communications (both telecommunications and data communications), and medical technology (biotechnology and medical devices). (Michael Murphy, p. 47.) In this view, the information technology sector today has seven components. These are
(1) large computers, (2) personal computers, (3) software, (4) semiconductors, (5) semiconductor equipment, (6) communications, and (7) medical technology (biotech and instruments).
THE DIGITAL ARENA
The unifying element for all these activities (save only biotech) is digitization. Based on the microprocessor, a "computer on a chip," the PC could fully reap the advantages of digitization in ways mainframes and minis could not. But in addition to digitization four other concepts or "laws" come into play here. One is Moore's Law (the doubling of chip power every 18 months). The other three apply to networks. The following capsule summaries may begin to suggest how the Internet dovetails with the PC to bring telecommunications into the I.T. mainstream.
(1) Digitization. Digitization refers to our capacity to express the four main types of information (letters, numbers, sounds, and visual images) in terms of 0's and 1's. It permits a new synthesis in which seemingly all information can be converted to the on-off states that transistors can process at high speed. It thus ushers in an era in which diverse technologies become not more mysterious ("kludgey") and distinct, but more elegant and understandable, as analog information becomes increasingly converted to and stored and processed in binary (digital) forms. (Steve Byrnes, 1998.) (2) Moore's Law. Gordon Moore's durable empirical rule on the doubling of chip storage capacity every 18 months implies a new hardware generation every three years or so. As this logic unfolds decade after decade, the cost savings that follow spread to an ever-wider circle of activities, goods, and services. In competitive terms, it also means that the I.T. race goes to agile firms, much to the chagrin of IBM and Japan after 1990. In contrast, Dell's meteoric rise in the 1990s has no such precisely traceable lineage.
Instead, Michael Dell's strategy of devising a new distribution system to "mass-customize" the PC to order and to get the product delivered in a matter of days through the mail blazes no new technology trails. That, come to think of it, is the same accusation that is often made about Bill
Gates: "His skills are not in technology, but in business acumen." Whether this comment is negative depends of course on the context. In any case, it points up the possibility that an entrepreneurial genius on the order of Gates or Dell may have a unique story to offer, one that fits awkwardly at best into any traditional location-theory framework.
And that brings us to the software side, and to the center of the world software industry, Seattle.
WHY DID SEATTLE GET TO MAKE THE NEW RULES?
Why is Seattle the center of power in the world software industry today? On one level, the answer is self-evident. Bill Gates and Paul Allen returned home from New Mexico to Seattle when he and Paul Allen were ready to move their tiny start-up software company to the next stage. That may actually be the long and the short of Microsoft's location. Bill Gates (by all accounts a business genius on a par with Andrew Carnegie, John D. Rockefeller, or Henry Ford), happens to have come from Seattle, and chose to locate the business in the Seattle suburb of Redmond. Then he unleashed his boundless ambition upon the software world and conquered it.
There are two further and related points that help put the conquest in perspective, but neither of them has much to do with location theory.
One is the familiar story of IBM's outsourcing decision in its crash campaign to get the PC from the drawing board to retail shelves within one year. That deadline led Big Blue to go outside its corporate walls for the microprocessor (to Intel) and the system software. Initially the system software was to come from Gary Kildahl in California. He dropped the ball, however, and so IBM turned to Bill Gates, who was initially their choice only for his version of the BASIC programming language. IBM wanted a 16-bit operating system. Gates quickly bought one from another Seattle programmer for a song ($50,000), and the result was to become MS-DOS.
This was the operating system that would be shipped with every IBM PC. In sum, to the question of why Seattle gets to set the standard for the PC's evolution, the answer has little to do with location theory, and everything to do with the role of a titanic entrepreneur who saw before others the strategic advantage conferred by standard-setting.
Here we might recall Thomas Carlyle's nineteenth-century "great-man" theory of history that, in effect, France conquered Europe because Napoleon was a Frenchman. By the same token, it appears that Seattle makes the rules because Bill Gates happened to grow up there.
HOW DID SILICON VALLEY HAPPEN?
Silicon In any case, Shockley had barely started his semiconductor company when it foundered on a legendary spin-off, which would eventually beget Intel. As Robert X. Cringely has said, Silicon
Valley is "a place that was invented one afternoon in 1957 when Bob Noyce and seven other engineers quit en masse from Shockley Semiconductor" to found Fairchild Semiconductor, as a division of the established Syosset, New York, firm Fairchild Camera and Instrument. (Cringely, 1993, p. 36.) Fairchild's "Traitorous Eight," (as Shockley saw them) share credit with Texas Instruments for inventing integrated circuits (ICs). Germanium ICs were designed by Jack Kilby at TI in Dallas, but he lacked a method of layering transistors on a flat surface. Jean Hoerni, one of the Fairchild Eight, came up with a "planar" technique to embed rather than stack component layers.
Noyce carried the idea through to create complete circuit maps on a single silicon slice, clearing the way for photolithography (or "burning" the circuits into the slice) and thus for batch production. TI and Fairchild both announced the breakthrough in 1959. ICs came into production within two years, for use by the U.S. government at $100 apiece to miniaturize the future Apollo moon rocket's onboard computer (Palfreman and Swade, 1991, pp. 87-91) .
INTEL SPARKS THE PC REVOLUTION
A decade later Noyce, Moore, and others jumped ship again to found Intel, a more egalitarian company than Fairchild's eastern owners would permit. Like Hewlett and Packard before him, and as a minister's son from Iowa, Noyce did without dress codes, reserved parking places, closed offices, executive dining rooms, and the other status trappings of more mature U.S.
corporations. The remote control foundered on the divergent philosophies of Syosset and Silicon
Valley. "Noyce couldn't get Fairchild's eastern owners to accept that idea that stock options should be a part of compensation for all employees, not just for management. He wanted to tie everyone, from janitors to bosses, into the overall success of the company" (Cringely, 1993, p. 39 ).
Noyce and his colleagues thus formed Intel in 1968, as a spin-off (like its competitor National Semiconductor and some 50 other companies) from Fairchild. Intel made its mark on the world in November 1971 when it announced a triple breakthrough: the microprocessor, dynamic random access memory (DRAM), and erasable programmable memory (EPROM) for software.
Here was the package to make personal computers a reality. As George Gilder puts it,
Intel is the most important company in the history of the microcosm. All the key components of the personal computer--the working memory, the software memory, and microprocessor CPU--emerged during the magical first three years of the company's existence, between 1969 and 1971. Until Intel's breakthroughs, computers were large and cost a minimum of tens of thousands of dollars. After
Intel's three-year surge, computers could be build for a few hundred dollars. This was…the revolution. (Gilder, 1989, p. 92.) But for three years nothing happened. The revolution would only finally begin in earnest They emphasized the virtues of the "Third Italy" and its industrial clusters specializing in highfashion, design-intensive goods. They saw virtuous networks emerging among rival firms, which managed to cooperate around activities of mutual benefit such as training, marketing, and market research. As John Cassidy puts it in a recent reference to their work, "The key to the area's success…was that it was geographically dense but economically decentralized." (Cassidy, 1998, p. 125.) The phrase Saxenian used to describe Silicon Valley is "network-based industrial systems."
The phrase refers to a project-oriented adaptive mode of production that may be seen not only in Silicon Valley but also to the south, in Hollywood. As she told Cassidy in a 1998 interview, You have these very fluid labor markets and these communities of highly skilled people who recombine repeatedly. They come together for one project--in this case a new film, in Silicon Valley it would be a new firm--and then they move on.
The system allows a lot of flexibility and adaptiveness. …Information about new markets and new technologies flows very quickly. This sustains the importance of geographic proximity, despite the fact that, theoretically, the technology allows you to be anywhere." (Cassidy, p. 125 enterprises in the world.
ENTREPRENEURS AND CONTINENTS
To sum up, U.S. leadership in information technology has been enhanced by the younger economic cultures of the West, fertile settings for new-enterprise formation. The account offered here may shed light on the varied reasons for the emergence of a new spatial division of labor in American computing. The regional realignment within the continental system allowed the shift 
